Introduction
China is the largest producer and consumer of cotton in the world. In order to achieve high yields and quality, farmers widely use pesticides to prevent cottons from pests sand diseases, especially organophosphorus pesticides. However, most of these cottons are raw materials of textile production in which pesticide residues can still exist, even after fine processing. On one hand, related risks could have negative impacts on human health, while being especially harmful to the skin, respiratory system and digestive system. In some serious cases, the toxicity even leads to cancer and birth defects. 1, 2 On the other hand, the overuse of organophosphorus pesticides produces bad effects on the public environment, which has become a big concern in recent years, including water quality and terrestrial biodiversity. Therefore, many countries and organizations have regulated the maximum residue limits of organophosphorus pesticides in textiles for the safety of human consumption. 3 Traditional pesticide residues have been tested by gas chromatography (GC), 4 high-performance liquid chromatography (HPLC), 5, 6 gas chromatography tandem mass spectrometry (GC/MS) [7] [8] [9] and liquid chromatography tandem mass spectrometry (LC/MS/MS) [10] [11] [12] through various multi-residue methods. However, due to their poor sensitivity and resolution, many new polar and ionic pesticides cannot be detected directly by methods based on GC or HPLC. The multi-reaction monitoring (MRM) acquisition mode is used to develop more sensitive methodologies in GC-MS and LC-MS/MS. However, due to the low resolution, analysis speed and mode of scanning, these methods are unable to reach the demand of rapid screening and confirmation. Recently, a RRLC-ESI-Q/TOF method has been reported to boast a higher sensitivity than other methods for identifying known and unknown compounds in complex matrices. [13] [14] [15] With the development of the mass spectrometric detectors, high-performance liquid chromatography with tandem high-resolution mass spectrometry, such as Triple/TOF, has recently been demonstrated to be a sensitive and selective technique for the determination and identification of pesticide residues with good specificity, high resolution and great sensitivity of target analyst detection.
by acetonitrile and the cleanup procedure with adsorbents. The QuEChERS approach requires less solvent, and can obtain higher recoveries than conventional extraction procedures. This method is usually applied into agricultural crops, such as vegetables and fruits. [21] [22] [23] In this study, we focused on a comprehensive, rapid screening and quantifying method employing high-performance liquid chromatography coupled with tandem high-resolution mass spectrometry and TOF mass analyzer to identify and quantify 11 kinds of organophosphorus pesticides. Also, the LOD of this method was much lower than that found in previous studies. 24, 25 The QuEChERS-based method was used for sample preparation in terms of the required recoveries and quantification limits.
Experimental

Reagents and chemicals
LC-grade methanol and acetonitrile were purchased from TEDIA. The analytical standards (ethoprophos, coumaphos, profenofos, diazinon, ethion, parathion, phosalone, quinalphos, dicrotophos, purity >95%) were purchased from Sigma Aldrich. Azinphos methyl, tribuphos (purity >95%) were from Dr. Ehrenstorfer Gmbh. Other details are given in Table 1 . The analytical-reagent grade anhydrous magnesium sulfate (MgSO4), sodiumchloride (NaCl) was from Kermel. The powder of C18 and primary secondary amine (PSA, 50 μm) were purchased from Agela Technologies. The guarantee dreagent-grade formic acid was purchased from ROE. Ultrapure water was obtained from a Milli Q purification system (Millipore, Molsheim). Individual pesticide stock standard solutions (1000 mg L -1 ) were prepared in methanol and stored at -18 C. A multistandard mixture containing 10 mg L -1 of each pesticide was prepared in methanol and stored at 4 C for less than 3 months. Mixed multi-standard working solutions were prepared fresh to avoid degradation of pesticides. The concentrations of the multi-standard working solutions were 10, 25, 50, 100 and 250 μg kg -1 .
Apparatus
An HPLC system (Ekspertultra LC 100; AB Corporation) coupled with TOF/MS (TripleTOFTM 5600+; AB Corporation) with a Xbrige C18 column (2.1 × 150 mm; 3.5 μm particle size; Waters, USA) was used. In addition, an analytical weighing balance (AL204, Mettler Toledo), a rotary evaporator (R-210, Buchi), vortex mixers (Vortex Genie 2, Scientific Industries), a centrifuge (X-22R, Beckman Coulter), an analysis mill (A11 basic, IKA), and an ultrasonic extractor (KQ5200, Kunshan Ultrasonic Instruments Co. Ltd.) were used.
Chromatographic analysis
The analysis was performed by using HPLC-TOF/MS. The column temperature was maintained at 25 C. The mobile phase consisted of 0.1% (v/v) formic acid in water (A) and 0.1% (v/v) formic acid in acetonitrile (B). The initial mobile-phase composition was 10% B for 1 min, followed by a linear gradient to 95% A for up to 12 min, and kept for 3 min at 95% A. The flow rate was 0.3 mL min -1 . Only 10 μL of each sample was injected during the experiments.
HRMS/MS conditions
A TOF high-resolution tandem mass spectrometer equipped with atmospheric pressure chemical ionization was used for the identification and quantification of target analytes. Mass analyses were performed by using an APCI source in the positive mode. The following general MS parameters were employed. The scan range was TOF m/z 100 -1000, IDA m/z 50 -1000; the source temperature was 600 C; the curtain gas (nitrogen) was 2.41 × 10 5 Pa; the ion source GS1 was 3.79 × 10 5 Pa and the ion source GS2 was 3.79 × 10 5 Pa.
Sample preparation
Approximately 50 g of textile samples were ground with an analysis mill for 1 min to meet the required sample size (around 5 × 5 mm) at room temperature. A 2.00-g sample portion was weighed into 50 mL of QuEChERS-based; 2 mL of water was added and spiked with proper amounts of working standard solutions of pesticides; then, the mixture was vortexed for 30 s. In the extraction phase, 30 mL of acetonitrile was added into the mixture and vortexed for 1 min. The extraction salts (4 g of MgSO4, 1 g of NaCl, 1 g of trisodium citrate dihydrate and 0.5 g of disodium hydrogencitrate sesquihydrate) were added, vortexed and centrifuged at 10000 rpm for 9 min at 20 C. Then, 15 mL of the upper layer extract was collected into a 15 mL test tube and evaporated to near dryness through a Buchi system. The residues were re-dissolved in 1 mL of acetonitrile, and transferred to a 10-mL centrifuged tube containing 0.10 g PSA and 0.10 C18 powder for clean-up, and then submitted to vortex and centrifugation as described above. Finally, the 10 μL supernatant was injected into the HPLC-TOF/MS. Table 1 ).
Results and Discussion
Optimization of LC-MS/MS conditions
With regards to the physicochemical properties of the target compound, the instrument was operated in the positive mode. In terms of their polarity, much attention should be paid to the optimal choice of the separation system. In addition, the distribution of the elution peaks and their good shape under relevant ionization conditions in APCI were taken into consideration.
Then, 0.1% (v/v) formic acid in acetonitrile (A), 0.1% (v/v) formic acid in water (B) and acetonitrile (A), 0.1% (v/v) formic acid in water (B) were applied to be the mobile phase, respectively. Under the first system, the analyte peaks eluted separately with good shapes; the generated extracted ion chromatograms of 11 kinds of organophosphorus pesticides are shown in Figs. 1 and 2 .
Remarkable differences were observed in the limits of detection; some standards were more sensitive than the others. Also, there were large differeces in the response value, so the response value is displayed using the respective 100% coordinate axis. The retention times and the precise molecular weight for analysis of 11 kinds of organophosphorus pesticides are given in Table 2 .
Optimization of the extraction methods
There are three primary types of pretreatment methods currently be applied for detecting ation options pesticide residues in textiles: Soxhlet extraction, solid-phase extraction and accelerated solvent extraction (ASE). These extraction methods have the following disadvantages: labor-intensive process (lots of steps), large volumes of solvent and being time consuming.
QuEChERS has been developed as a new method in recent years mainly for the detection of pesticide residues in fruits and vegetables, but so less in textiles. According to comparisons with solid-phase extraction, Soxhlet extraction and ASE, the results illustrated that QuEChERS was much more simply operated with a higher recovery while being less harmful to the operator, because reagents for the extraction were closed in vessels. Thus, QuEChERS was chosen in our method. 26, 27 A comparison on recoveries among QuEChERS, solid-phase extraction and soxhlet extraction is given in Table 3 .
QuEChERS was chosen for the analysis of pesticides based on its high efficiency and good performance for extraction. In practice, 2 mL of water was added for every portion of 2.00 g sample, and citrate buffering salts were added to improve the pesticides stability and extraction efficiency. MgSO4 was used in order to remove water. A dispersive solid-phase extraction employing PSA together with C18 was performed. The details of the difference between the original QuEChERS and the modified QuEChERS are shown in Fig. 3 .
Selection of extracting solvents
These 11 kinds of organophosphate pesticides in the experiments were easily soluble in methanol, acetonitrile and acetone. In order to optimize the performance, the recoveries of these three extracting solvents were assessed, respectively. In detail, the recoveries were calculated by analyzing six representative blank samples spiked with target analytes at concentration levels of 0.1 mg kg -1 . As shown in Fig. 4 , the method gave satisfactory mean recoveries and precision for all target analytes. The apparent recoveries varied from 85 to 90%, and the acetonitrile had the best extracting performance. Therefore, acetonitrile was chosen as the extraction agent.
Options for clean-up procedure
In the sample clean-up procedure, PSA and C18 powders were used. PSA and C18 are primarily used to remove pigmentation so as to avoid matrix interference in textile samples. The result of removing pigmentation is shown in Fig. 5 . Matrix effects would affect the determination of results. Recoveries of target analytes were determined, respectively in six replicates by using 0.02, 0.05, 0.1, 0.5 g of the powder of PSA and C18 separately. The results showed that 0.1 g PSA and 0.1 g C18 had the highest recoveries. With the increasing of PSA and C18, the recoveries increased. But it would not increase when the weight of PSA and C18 is over 0.1 g, respectively. The recoveries of 0.1 g PSA and 0.1 g C18 are shown in Fig. 6 .
Matrix effects
The calibration curves were constructed by using the peak area of analytes at three different concentrations (5, 15, 20 ng mL -1 ) in 0.1% formic acid in water (90%) or 0.1% formic acid in acetonitrile (10%); in contrast, the corresponding concentrations in the matrix solution, were pretreated according to the optimized extraction and clean-up procedures described previously. The study of the ratio of the slopes in solvent and matrix solution provided information about matrix effects. Depending on the increase or decrease in the percentage of the 4 slope, different matrix effects could be observed. It was considered to be a mild signal suppression or enhancement effect of between -20 and +20%. The values of these 11 kinds of organophosphorus pesticides were between 92 and 96% for each target analyte, 28 and the clean-up procedure performed well.
The library
The library was generated by factors of molecular formula, accurate mass, product ions and retention time. Peakview software Ver. 2.0 was used to acquire the parameters, which were the fundamental criterion for identification and confirmation concerning the detected compounds.
Linearity ranges and LOD
The working solutions, with concentrations of 5.0, 10.0 and 20.0 ng mL -1 were prepared in fresh methanol to avoid degradation by diluting from the stock solution to the multistandard working solutions. The regression equations described the calibration curves (where y was the peak area of the standard solution and x was the concentration of the standard solution). The LOD (S/N = 3) and the coefficient of determination (R 2 ) value are given in Table 4 .
Recovery and precision
To control the result, artificially fortified blank textile samples were analyzed and the recoveries were assessed. In detail, the precision, expressed by the relative standard deviation (RSD) and recovery, was calculated by the analysis of six representative blank samples spiked with target analysis. The concentrations of the target analysis were 5.0, 10.0 and 20.0 ng mL -1 , respectively. The results are given in Table 5 .
Analysis of textile samples
To verify this method, 25 textile samples were analyzed. A residue of parathion was found in one sample. The content was 15.8 ng g -1 , which was above the maximum residual limit. The results obtained from the validation studies proved that the method is suitable to quantify organophosphorus pesticides residues. In conclusion, it is rapid and accurate to detect the organophosphorus pesticides in textiles by using this method.
Conclusions
In this study, an optimized method was successfully developed and validated for the simultaneous determination of 11 organophosphorus pesticides in textile samples. Analytes were extracted according to a modified QuEChERS protocol. Meanwhile, neat standard calibration curves were employed. Besides, the applicability of the method for determining the studied compounds was verified by using spiked samples as well as in textile samples. In a word, it will help the consumer product safety supervision and management departments to monitor and manage the pesticide residues in textiles, and to strictly regulate the textile market. 
